A Benchmark Study of Kinetic Isotope Effects and Barrier Heights for the Finkelstein Reaction.
Herein, we present a combined (experimental and computational) study of the Finkelstein reaction in condensed phase, where bromine is substituted by iodine in 2-bromoethylbenzene, in the presence of either acetone or acetonitrile as a solvent. Performance of various density functional theory and ab initio methods were tested for reaction barrier heights as well as for bromine and carbon kinetic isotope effects (KIEs). Two different implicit solvation models were examined (PCM and SMD). Theoretically predicted KIEs were compared with experimental values, while reaction barrier heights were assessed using the CCSD(T)-level and experimental energies as reference. In general, although the tested parameters (energies and KIEs) do not exhibit any substantial difference upon a change of the solvent, the different behavior of the theoretical methods was observed depending on the solvent. With respect to isotope effects, both PCM and SMD seem to perform very similarly, though results obtained with PCM are slightly closer to the experimental values. For predicting reaction barriers, utilization of either PCM or SMD solvation models yielded different results. Functionals from the ωB97 family: ωB97, ωB97X, and ωB97X-D provide the most accurate results for the studied system.